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1186-5 Independent Hemodynamic Effects of Irregularly Paced 
Ventricular Rate Following AV Nodal Ablation During 
Atrial Fibrillation 
Shaowei Zhuang, Youhua Zhang. Kent A. Mowrev, Don W. Wallick, Todor N. Mazgalev, 
The Cleveland Clinic Foundation, Cleveland, OH 
Background: It is known that AV nodal (AVN) ablation wth right ventricular pacing at 
regular rate (R) produced better hemodynamics compared to irregular pacing (IR) at the 
same average rate during atrial fibrillation (AF). However these observations were made 
at fast ventricular rates (VR) similar to those present in AF. We test the role of the paced 
ventricular irregularity at different average VR. Methods and Results: AF was induced 
and maintained in 12 dogs. Selective AVN vagal stimulation was delivered to slow VR to 
125%, lOO%, 80%, and 67% of the sinus rate (SR). The AVN was then ablated. The IR 
and R were performed using the 4 sets of saved RR intervals, and the corresponding 
averages respectively. For each level of VA, R was superior to IR (Table). This differ- 
ence, however, was significantly attenuated when VR was slowed to 67% SR. Conclu- 
sion: lrregularlty of VR remains an independent factor in the deterioration of 
hemodynamics in AF. Its role is diminished with progressive slowing of VR. 
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1186-7 Persistent Automaticity as a Mechanism of Ventricular 
Defibrillation Failure 
MO&~ Swissa, Hideki Hayashi, Hrayr S. Karagueuzian, Shien-Fong Lln, Peng-Sheng 
Chen, Cedars-Sinai Medical Center, Los Angeles, CA, UCLA School of Medicine, Los 
Angeles, CA 
Background: Electrical storm (ES) describes the phenomenon of rapidly clustering ven- 
tncular fibrillation (VF) that necessitates multiple defibrillation (DF) shocks. There exists 
no animal model for ES. We hypothesized that a persistent fast flnng automatic focus 
can result in ES. 
Methods and Results: We studled 14 isolated perfused normal swine right ventricles 
(RV). Local injection of aconitine (IOOmg) either in the middle (n=9), or in the edge (n=5) 
of the RV induced ventricular tachycardia (VT) followed by VF in all RVs. The activation 
cycle length (ACL) of VT before VT-VF transition was 166 * 37ms. Continuous electro- 
gram recording and optical mapping (CCD camera, di-4ANEPPS) were performed during 
DF wtth biphasic shocks (6 ms duration) generated by a Ventritex HVS-02 defibrillator. 
The success rate of DF was tested before and after aconitine injection. Before injection, 
DF was successful in terminating all electrical activities with one (n=12) and two shocks 
(n=2) at 314 * 36 V (range 300.400 V). In comparison, DF shocks (w5.8 f. 1 .l) with 
average amplitudes of 635 * 75 V (range 500-700 V) lead to conversion of VF to VT in 14 
of 14 RVs after aconitine Injection. In 12 out of 14 RVs the VT lasted for 7.5 * 5 seconds 
before spontaneous conversion back to VF. VT persisted for > 20 minutes in the remain- 
ing 2 aconitlne-injected RVs without VF conversion. Optical mapping during DF revealed 
two mechanisms of post shock VT to VF transition. First, acceleration of the rate of focal 
activation from aconitine ate leads to wavebreak and multiple wavelets VF. Second, the 
focal activation emerging from the aconitine site induces rotating phase singularity that 
deteriorates to VF by a spiral breakdown mechanism. After aconitine site was excised 
(n=5). DF shocks (300 V - 400 V) successfullv terminated VF. 
Conclusions: Aco&ine injection hto swine Ri’ induces persistent focal activation that is 
resistant to DF shocks. This focus serves as a triooer for recurrent VF. Excision of this __ 
focus allows successful DF. This anlmal model suggests that a shock-resistant automatic 
or triggered focus underlie the mechanisms of ES, and successful treatment can be 
achieved only when the focus IS eliminated or suppressed. 
1186-8 lschemia Precipitates Ventricular Tachyarrhythmias in 
Transgenic Mice Overexpressing Calcium-Independent 
Phospholipase ASb(IPLA@) That Are Ablated by 
Mechanism-Based Inhibition of Phospholipase A2 
Activity 
Dana R. Abendschein. David J. Mancusco, Richard 6. Schuessler. Christopher M. 
Jenkins, Xianlin Han, Richard W. Gross, Washington University School of Medicine, St. 
Louis. MO 
LVSP / LVEDP: Left ventricular systolic I diastolic pressure; dpldt max rate of change 
of LV pressure; CO: Cardiac output, Tau: time constant of relaxation. * P< 0.05 for R vs 
._ 
Spatial Heterogeneity of Electrical Restitution During 
Regional lschemia in Rabbit Ventricles: Effects on 
Wavebreaks During Ventricular Fibrillation 
IH at same “L-l. 
1186-6 
Yen-Bin Liu, Hui-Nam Pak. Yuji Okuyama, Hidekl Hayashi. Peng-Sheng Chen, Shien- 
Fong Lin. Cedars-Sinai Medical Center and David G&en School of Medicine. UCLA, Los 
Angeles, CA 
, I  
iPLA2P activity promotes arrhythmogenesis during ischemia, mice overexpressing 
Calcium-independent phospholipase A2(iPLA2P) has been implicated in Ischemia- 
iPlA2p in a cardiac myocyie specific fashion were prepared using an aMHC promoter 
proximal to the iPLA2p gene. Transgenic mice exhibited a 20-fold increase in iPLA2P 
induced ventricular tachvarrhvthmias. To determine whether increased mvocardial 
mass and activity in myocardium and profound alterations in polar and nonpolar lipid pro- 
files. During 30 min of myocardial ischemia induced in isolated, Langendorf-perfused 
hearts by occlusion of the left antenor descending coronary artery. spontaneous ventric- 
ular premature contractions occurred more frequently in iPLA2P overexpressors (n=24) 
than in wild-type control hearts (n=l9, p=O.O003). Moreover, spontaneous ventricular 
tachycardia occurred es a single episode in one of 19 wild-type hearts, but es multiple 
episodes in 9 of 24 iPLAg overexpressor hearts (p=O.O02). Pretreatment with the mech- 
anism-based Inhibitor, BEL (IO pM), ablated both spontaneous ventricular premature 
contractions and tachycardia. We conclude that the iPLA2ecatalyzed hydrolysis of 
membrane phospholipids can precipitate lethal ventricular tachycerdla in ischemic myo- 
cardium. 
Background: The action potential duration restitution (APDR) is considered a major 
determinant in the initiation and maintenance of ventricular fibrillation (VF). However, the 
effects of acute reglonal ischemia on APDR are poorly understood. Methods: We per- 
formed optical mapping studies with di-4ANEPPS in 12 Langendorff-perfused rabbit 
hearts. Branches of left anterior descending or circumflex coronary artery were ligated to 
create regional ischemia. Sham ligation was done in 2 rabbit hearts. LV anterior wall was 
optically mapped during pacing and during VF before, 30 and 60 min after ischemia. We 
defined the border zone (BZ) es the area with a gradient of APD between the ischemic 
zone (IZ) and non-ischemic zone (NIZ) in the APD50 map. Twenty-Five APD restitution 
curves on the LV anterior wall were constructed simultaneously before and 30, 60 min 
after ischemia. The number of wavebreaks during VF was also analvzed. Results: The 
area with ischemia (BZ+IZ) occupied 33.2 + 13.6% of the mapped field. In ischemic area 
fBZ+IZI. the APDR slooe orooressivelv flattened (lowest max. slooe: baseline. 1 .OiOS: I ,. .._ I  
30 min, 0.6eO.3, 60 min, 0.6*0.3; pc.05) while in NIZ, the APDR slope progressively 
steepened (highest max. slope: baseline, 1.7kO.7; 30 min, 2.4kO.7; 60 min, 2.6el.O; 
pc.OOl), producing progressively increased spatial heterogeneity of APDR slope (SD of 
max. slope: baseline, 0.18+0.11; 30 min. 0.43+0.13; 60 min, 0.53*0.21; p~3Ol). There 
was no significant change in APDR characteristics in sham ligation group. The dispersion 
of APDSO (baseline, 8.5*3; 30 min, 29*14; 60 min, 31+13 ms; pc.01) and the wavebreak 
number of VF (baseline, 4.2kl.6; 30 mm 11.9i5.8; 60 min 15.5elO.9; pc.001) were sig- 
nificantly increased after ischemia. The spatial heterogeneity of APDR and longest DI 
with slope>l, but not dispersion of APD, significantly correlated with the wavebreak num- 
ber of VF. Conclusions: The spatial heterogeneity of APDR is increased by the presence 
of regional ischemia, resulted in increased wavebreaks during VF. The dynamic changes 
of APDR characteristics are more important than pre-existing or ischemia-induced APD 
dispersion in determining the wavebreaks of VF during acute regional ischemia. 
1186-9 Cyclic GMP-Dependent Protein Kinase Type I (PKG I) 
Mediates cGMP Inhibition but Not Muscarinic Inhibition 
of Single L-Type Ca*+-Channel Activity in Cardiac 
Myocytes 
Frank Schrbder, Gunnar Klein, Michaela BasteIn, Nicole Schnasse, Beate Fledler. Anja 
Hillmer, Suzanne M. Lohmann, Helmut Drexler. Kai C. Wollert, Medical School of 
Hannover, Hannover, Germany, Institute for Clinical Biochemistry and 
Pathobiochemistry, University of Wiirzbusg, Wiirzburg, Germany 
Background: In cardiomyocytes, the contribution of nitric oxide (NO) to the intracellular 
signal transduction of the muscarinic receptor is discussed controversially. NO increases 
Intracellular cGMP, which activates the cGMP-dependent protein kinase type I (PKG I). 
PKG I inhibits the L-tvoe Ca” channel (LCCI. We addressed the role of PKG I in the sia- 
nal transduction from’the muscarinic recepto; to the LCC. 
Methods: Transaenic mice (TGI. in which PKG I was olaced under the control of the car- 
I .  
dlomyocyte-specific a MHC-promotor, were generated. Smgle LCC actiwty was 
assessed by patch clamp in the cell-attached configuratlon in isolated ventricular myo- 
cytes from wild-type mice (WT) and from TG overexpressing PKG I approx. 50.fold in the 
myocardium. 
Results: Basal LCC activity was similar in myocytes from WT (n=53) and TG (n=52). i.e. 
there were no significant differences in the basal mean ensemble average current (I), 
mean open probability (p,) and mean availability to open upon depolarisation (b). Activa- 
tion of PKG I in myocytes from WT using 8.Br-cGMP (1 mmol/L) did not influence basal 
LCC activity (n=7). Activation of PKG I in myocytes from TG, however, significantly 
decreased LCC activity (I -50.7k5.4 %; p,-37.0+9.2 %, b -31.0&4 %; n = 9, data indi- 
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cate mean&EM). Similar results were obtained using the NO donor DEA-NO. Beta-adr- 
energic stimulation with isoproterenol (1 pmol/L) significantly increased these 
parameters to the same extent in both groups (WT: I +89.2+19.2 %; p0 +65.6*24.2 %; b 
+29.6*4.6 %; TG: I +61.2+11.9 %, po +49.llizlO.9 %, b +46.7+6.5 %. mean&EM). 
Subsequent addition of carbachol, an activator of muscarinic receptors, significantly 
inhibited LCC activity in both groups to the same extent (WT: I -46.2t2.9 %, R, -42.224.4 
%, f., -41.9i3.9 %; TG: I -55.6k3.1 fA, p0 -42.2k4.4 %, f, -41.9*3.9 %, n = 11 for WT and 
IO for TG, mean*SEM). 
Conclusion: Overexpression of PKG I in mouse heart enhances the inhibitory effects of 
cGMP on single LCC activity, indicating that PKG I is controlling the LCC. However, our 
results do not show a contribution of PKG I to the signal transduction from the muscarinic 
receptor to the LCC. 
Conclusion: Compared to acute AF, chronic AF IS characterized by a higher incidence of 
epicardial breakthrough and lines of intra-atrial conduction block. This is reflected by an 
increase in long double and fragmented potentials. 
1186-12 Impaired QT Interval Adaptation in Complete Heart 
Block With Chronic Ventricular Pacing 
Fumiaki Sutq Wei Zhu, Sean A. Cahill, Gil J. Gross, Hospital for Sick Children, Toronto, 
ON, Canada 
1186-10 Myocardial lschemic Preconditioning Has No Effect on 
the Ventricular Fibrillation and Defibrillation Threshold: 
Experimental Study 
Eleftheria Tsaqaloq Emmanouil Mavrikakis, Konstantinos Siafakas, Elias Tsolakis. 
Stavros Drakes, Argirios Dalianis, John Karelas, John Terrovitis, Maria Anastasiou- 
Nana, University of Athens, Athens, Greece, Evangelismos Hospital, Athens, Greece 
Background: Conflicting data exist on how ischemic preconditioning affects the vulnera- 
bility to ventricular fibrillation during the early phase of subsequent ischemia in pigs. The 
aim of the study was to evaluate the time course of changes in ventricular fibrillation 
(VFT) and defibrillation (DFT) threshold of transiently ischemic myocardium after a 45 
min preconditioning period. 
Methods VFT was measured in 11 anesthetized, open chest pigs, after a 3 min of 
regional coronary ischemia, before (time 0) and 2, 15, 30, 60 and 90 min after the pre- 
conditioning period (Group I, n=6) or control (group II, w5). The preconditioning was 
accompllshed by 3 consecutive 5 min periods of regional coronary occlusion followed by 
IO min periods of repelfusion .DFT was also measured by systematically increasing the 
stored voltage until defibrillation was accomplished. Hemodynamics, acid-base balance 
and temperature were kept stable throughout the experiments 
Results: The time course of VFT and DFT in the two study groups was as follows: 
Background: Bradycardia-dependent ventricular arrhythmias can be initiated with 
abrupt rate acceleration. We previously documented steady-state QT interval (QTi) pro- 
longation and cellular repolarizing current downregulation in a chronically paced brady 
cardic rabbit complete healt block (CHB) modal. We hypothesized that dynamic QTi 
adaptation to abrupt rate acceleration would be impaired in this setting. Methods: New 
Zealand White rabbits (3.0-3.5 kg, mean resting sinus rate 305+33 beats/min) underwent 
transcatheter radiofrequency AV node ablation followed by chronic (6 days) right ventfic- 
ular endocardial demand pacing at either 140 or 260/min. There was no sign of heart fail- 
ure. Surface 6-lead ECG records were obtained under anesthesia at post-ablation days 0 
and 8. Beat-by-beat QTi was measured over 2 min after an abrupt rate change from 140 
to 2lOlmin and plotted against time after rate shift. Resulting curves were fitted using a 
single exponential decay model to generate a time constant () of QTi adaptation. 
Results: QTi adaptation was significantly slowed after 6 days of chronic ventricular pac- 
ing at 140lmin. but did not change significantly in animals paced chronically at the near- 
physiologic rate of 260lmin (Table). Conclusion: QTi adaptation is altered by chronic 
bradycardia but not by ventricular pacing at near-physiologic rates in CHB, suggesting 
that chronic ventricular rate is more important than AV synchrony or ventricular activation 
sequence in regulating QTi adaptation. 
Chronic pacing rate Post-procedure OTi,,, (ms, QTi adaptation N 
Group Time 0 2 15 36 60 90 
(min) 
I VFT(mA) 13.5*5. 13.6i6.6 17.5*22 17.2il2.4 11.5*5. 12.6~7.2 
1 5 
I DWJ) 9.2r5.9 16.6e20.8 15.5+11.5 14.3il6.6 9.3i6.3 7.3i6.7 
II VFT(mA) 9.5~6.7 11.4i9.8 9.6i6.1 9.4+5.3 6.2+6.6 9.4e4.2 
II DWJ) 11*5.7 13i6.7 10.6i6.1 12+ 9.2 7.2t7.2 11.6i7.6 
There were no statistical significant differences of the VFT and DFT at all time periods in 
comparison to the respective values of time 0 and of the same time periods between 
group I and II. 
Conclusion: Preconditioning accomplished by three consecutive ischemic periods, had 
no effect on either the ventricular vulnerability nor the defibrillation energy requirements 
of ventricular pig myocardium for the 90 minutes after its imposition. 
(beats!min) day # mesn-SE) 
140 0 168+6 
140 a 191*13 
280 0 195+9 
260 6 176*6 
QTi,,s= Steady-state QT intervalduring pacing at 140Imin 
‘PzO.005 vs Day 0 
t (S) 
33+2 
96~18 
24tl 
27+1 
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1186-I 1 Disorganized Activation During Chronic Human Atrial 
Fibrillation Is Associated With a High Incidence of 
Epicardial Breakthrough and Intra-Atrial Conduction 
Block 
Presentation Hour: 1:OO p.m.-2:OO p.m. 
1187-l A Novel Method for the Evaluation of Contraction 
Synchrony: An Experimental and Clinical Study 
Natasia M. de Grcot, Richard Houben. Joep Smeets, Maurits Allassie, Cardiovascular 
Research Institute Maastricht, Maastricht, The Netherlands 
Background: Perpetuation of atrial fibrillation (AF) is associated with a high degree of 
fragmentation of fibnllation waves. This study compared the degree of dissociation of 
fibrillation waves during acute and chronic AF. Methods: Epicardial mapping of the right 
atrial free wall (244 electrodes, inter-electrode distance 2.25 mm, 4 cm diameter) was 
performed in pts with normal atria (acutely induced AF) and with mitral valve disease 
(chronic AF). Episodes of 12 set were analyzed In each patient. Local activation times 
were determined from the steepest negative deflection of all fibrillation electrograms. 
Multiple components were marked as long double potentials (delay > 15 ms) or frag- 
mented potentials (> 3 deflections). Lines of conduction block were identified by local 
conduction velocities < 7.5 cmlsec). Epicardial breakthrough was defined as early epicar- 
dial activation which could not be explained by fibrillatory waves propagating in the epi- 
cardlal plane. 
Results: 
Zoran B. Popovic, Maureen Martin, Erwan Donal, Masahiro Inoue, Jin-Ping Sun, 
Kiyotaka Fukamachi, Neil L. Greenberg, Richard A. Grimm, James D. Thomas, The 
Cleveland Clinic Foundation, Cleveland, OH 
median CL (ms) 
single potentials (%) 
long double potentials (%) 
fragmented potentials 
no. of epicardial breakthroughs/set 
no. of lines of conduction blockisec 
* pco.01 
Acute AF (n=lO) Chronic AF (n=lO) 
154*27 192t33 
62+6 60t7* 
9*7 17*3 
11+8 27*7’ 
2.6*2 9+3 
a+4 29*11* 
Evaluation of cardiac resynchronization by biventricular (BiV) pacing demands an index 
of contraction synchrony. We developed a novel index of contraction synchrony, which is 
calculated by tracking a mean direction of regional ventricular motion throughout the car- 
diac cycle. We evaluated this index in a cardiomyopathy animal model, and then applied 
it to patients with heart failure treated by BiV pacing. 
Methods: Doppler Tissue Echocardiography (DTE) was performed from 2- and 4- apical 
chamber views in 6 anesthetized closed-chest dogs with pacing-induced cardiomyopathy 
(EF 24 * 6%) during sinus rhythm (SR) and during induction of dyssynchrony by right 
ventricular (RV) pacing. Color M-mode DTE tracings of 6 left ventricular segments were 
used to code the direction of regional motion (+I towards the apex or -1 away from the 
apex) with 20 ms resolution. The individual segment profiles were averaged and inte- 
grated over the ejection period to obtain a synchronicity index (SI). The method was then 
applied in 21 patients with BiV pacemaker during SR and during pacing. 
Results: In dogs, RV pacing decreased +dP/dt (from 1066 + 244 to 753 * 206 mmHq’s, 
p=O.OOS) and -dP/dt (from -1171 t 320 to -676 f 181 mmHg/s p=O.O004). RV pacing 
decreased SI from 0.15 + 0.05 to 0.07 * 0.03 (p=O.O017). In patients, BiV pacing 
